The article considers the possibility of increasing operation efficiency of a counter-current hydrodynamic generator, used for the intensification of chemical technology processes. To increase the intensity of the emission it is suggested to use rod resonance system, where the frequency of bending vibrations is in agreement with the frequency of flow shell vibrations. The dependence of the frequency of the generated signal on geometric and hydrodynamic oscillator parameters is experimentally proven. It is also found out that the dependence of the pressure differential, produced by a resonator, on the liquid consumption, will look like a resonance curve. To keep maximum values of the generated vibrations amplitudes, it is suggested to use extremal system of the automated control.
Introduction
With the purpose to intensify chemical technology processes and to increase the efficiency of the chemical technology equipment the approach, associated with creating various physicochemical artificial effects thanks to implementing internal or external sources energy, is widely used [1] . Advanced are considered the methods, based on the excitation vibrations sonic and ultrasonic band in the processed environment [2] . Such vibrations intensify the processes of emulsionizing, dispergating, solubilizing and so on, thanks to the occurring in this environment complex non-linear effects: cavitating; acoustic flows; bubbles oscillations; surface effects etc. Moreover, acoustic methods of the processing are several times better than others concerning the degree of mechanical processes intensification [1] .
Using of resonance systems provides increasing of the generated vibrations intensity. However, efficient operation of these devices is possible in the narrow frequency band and is directly related to the supplied liquid consumption. What is more, the dependence of the pressure differential, created by a resonator, on the liquid consumption is of the form of a resonance curve.
In view of the above, the possibility of developing extremal system of automated work adjustment of the hydrodynamic counter-current generator in resonant mode seems to be up-to-date.
Study subject
One of the advanced wave generators is axisymmetric counter-current hydrodynamic oscillator (Fig. 1) , providing generating a tone signal of high intensity in liquid.
Its operating principle is the transforming of kinetic energy of the liquid, flowing from nozzle 1, into acoustic waves energy in the process of the submerged flow impingement with deflector 3. According to 3 , liquid, flowing with high rate from the nozzle, is formed into the submerged elastic flow conic shell 2 as a result of the contact with a deflector parabolic cavity. Pulsations of the primary vortex, appearing inside the flow shell, force the shell to make bending vibrations. As it is known 4 , if we vary the flow rate under given oscillator geometric parameters, we can obtain matching the primary vortex pulsation frequency with natural frequency of the flow shell, which will provide maximum signal generating. Fig. 1 . Rod counter-current hydrodynamic oscillator: 1 -inlet nozzle; 2 -submerged flow shell; 3 -deflector; 4 -pump and compressor pipe (PCP); 5 -milled slots; 6 -resonant rods.
It seems possible, with the purpose of increasing the emission intensity much more, to use extra resonators. Structurally, resonators can have a form of rods 6, obtained by long slots 5 in a thin-wall pipe body. It is obvious, that rod and flow shell frequencies should be in accordance.
The formula for circular frequency of the basic form vibrations for a submerged flow shell, obtained in [3] , let us find the fundamental harmonics frequency depending on the geometric and hydrodynamic parameters: In equation (1) flow shell width h is directly related to the outflow velocity: when the nozzle hole diameter d grows at constant velocity, the consumption increases, which leads to the shell width growth.
The dependence of the basic flow shell frequency vibrations on the length at various values of width h are given in Fig. 2 .
The following parameters were used during the calculation: 
Methods
For the following research in accordance with the given parameters, a counter-current hydrodynamic oscillator, which operating fluid was main water settled for three weeks. The deflector was installed into the internally submerged airtight chamber, when the static pressure value was kPa P st 71 . 14 . The structure of the laboratory stand let change length L of the flow shell (distance between the nozzle and the deflector) with an accuracy to 0.1 mm thanks to using a potentiometer pick-off, mechanically connected with the deflector.
The oscillograph pattern (а) and the specter (b) of the signal, generated by the oscillator at mm L 23 (Fig. 3) have shown acceptable fit of the experiment and the calculating equation (1) . Так fundamental harmonics frequency, obtained analytically (543.75 Hz), is very close to the experimental one (537.62 Hz).
Let us estimate the dependence of the amplitude of the resonator rod vibrating in the liquid on the conic shell pulsation frequency. Let us consider with this purpose such resonant element of this system as a rod with rigidly 1 2 3 fixed ends, which is subjected to uniformly distributed periodic load with intensity
, where q is defined by pulsing with frequency ω pressure differential. Fig. 3 . а -The oscillograph pattern of the signal, generated by the oscillator; b -specter of the signal, generated by the oscillator.
Note that the problems concerned the influence of the turbulence on the added mass value and the estimation of the wave influence on the pulsations intensity and specters have not been solved by scientific community yet. That is why at a first approximation we shall define the liquid reaction to the vibrating rod by the added mass and damping forces.
As a result, basic frequency of the transverse vibrations without regard to damping was defined by the following equation: where y is transverse (radial) movement; x is axial coordinate; is damping coefficient;
Solution (4) was found by the method of expansion in fundamental functions, obtained for the case without accounting for damping. The supposition about the closeness of rod vibrations forms to the main form let us omit all expansion terms, excluding the first one [7] . As a result we obtain an equation, defining the amplitude of the vibrations tone of the middle of the resonator rod. 
Results and discussion
Taking into account the relation of the flow shell frequency vibrations to the rate of the nozzle flow (or the consumption of the liquid, passing through counter-current generator Q ) we can claim that at constant parameters L and r the dependence of the pressure differential P , produced by the vibrating resonator rod, on the consumption will have the form of a resonance curve. Typical graph of such dependence is given in Fig. 4 .
While in hydrodynamic generator operation, mismatch of the ripple frequency flow shell with resonator vibrations frequency is possible. The possible reasons can be changing of gas factor, liquid flow characteristics; pressure loses in a supply main, and so on. As a result of such mismatch the effect intensity will be damped.
Taking into account, that in operation the free frequency vibrations of the resonator rods do not almost change, there is a possibility of developing automated control system for the resonant tuning. It is possible because of the controlling the consumption of a feeding pump, which leads to the maximum pressure differential amplitude value at frequencies close to resonant frequency. At that, taking into consideration the dependence ) (Q P character, this control system should be extremal. 
Conclusion
The dependence of the generated signal frequency on geometric and hydrodynamic parameters of the oscillator is proved experimentally. It is found out that the dependence of the differential of the pressure, produced by a resonator, on the liquid consumption, will have a form of a resonant curve. For keeping maximum values of the generated vibrations amplitudes, it is suggested to use extremal automatic control system.
